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indAtpt^S X*™£ AL chemical 

^pUSTRIES LIMITED, Imperial Chem- 
ical House^Mmbank, London SW1P 3JF, 
a British Company, do hereby declare me 
invention, for which we pray that a patent 
may te granted to us, and the method by 
which it is to be performed, to be particularly 
desrabed m and by the following statement:— 
This invention relates to a liquid composi- 
tion and in particular to a liquid composition 
comprising a metal compound and an organic 

Jr^^P™? 1 suitab3e for ^ Preparation 
of shaped bodies especially fibres, ratings, 

dflf 1 comprising a metal oxide 



or- 



metal oxide and inorganic precursors of silica, 
for .example hydrated silica sols, are known' 
and have served to produce metal oxide solids! 
notebly alumina and zirconia, containing dis- 
persed silica. It is also known that dispersed 
silica has an effect on me phase change W- 
erties of alumina. With known processes for 
moderating silica into alumina, a significant 
effect on the stabilisation of transitional alum- 
ina phases is not achieved at high tempera- 

S S^TT", ° f - 46 a PP e ^nce of the 
alpha form of alumina at 1400°C can be 
achieved only by adding sufficient silica so 
Iw the .,P a ' or / P h ?« present is crystalline 
alummoalicate (mullite). We have now found 
Jtt surprisingly metal oxide solids containing 
dispersed silica may be produced from com- 
positions comprising precursors of metal oxides 
and organic silicon compounds. The stabilisa- 
tion of alumina phases for example can thereby 
be effected at temperatures at which stabilisa- 
tion was previously not possible. Furthermore 
stebilisation at lower temperatures can be 

prqpo * ons of sma *» 

According to the present invention there 



is provided a liquid composition comprising 
an aqueous solution of a water-soluble metal 
compound other than an alkali metal com- 
pound and of a water-soluble organic silicon 
compound which is hydxolytically stable in 
the liquid composition wherein the concentra- 
tion of the metal compound expressed as cor- 
responding metal oxide exceeds the concen- 
tration of the silicon compound expressed as 
silicon ^dioxide, on a weight basis. 

By ^corresponding metal oxide" is meant 
the oxide (actual or notional) of the metal 
in the same valency state that it has in the 
compound in the solution. 

Compositions according to the invention 
-are-capable-of-beingconvertedrby-drying^- 
heaung to solids comprising one or more 
metal oxides and silica which are suitable for 
a* m the form of foams, binders, coatings, 
granules, cenospheres, films and especMy 
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Preferably the weight ratio of the equivalent 
metal oxide to the equivalent Si0 2 is at least 

. metal «f me metal compound are 
selected from the elements of the Periodic 
l able having an atomic number of 4. 12. 13 

83, 90, 92 or 94. The metals AL Fe Zr Ti 

fnd S M& Th ' V' ^ V - m£mV^ 
and Co or rmxtures thereof are preferred; the 
metals ALFe, Zr, Ti and Th £d, more 'par! 
ticularly Al are especially preferred for fibres 
made from the compositions. 

The anionic constituent of the metal com- 
pound may also be selected from a wide range 
I wo or more compounds of the same or differ- 
ent metals may be used, if desired. Simple 
morgana: compounds including the hydroxides; 
the hahdes and oxyhalides, especially dilorides 
and oxychlondes; carbonates; nitrates; phos- 
phates; and sulphates are useful. Sale of 
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organic acids such as neutral or basic acetates, 
oxalates, propionates, or formates or organo- 
metalbc compounds are also suitable. Basic 
salts of organic acids are preferred as they 
polymerise to give a viscous solution. Es- 
pecially preferred are metal compounds which 
can form a refractory oxide, especially alumin- 
ium oxychloride, basic aluminium acetate, 
basic aluminium formate, zirconium oxychlor- 
ide, basic zirconium acetate, basic zirconium 
nitrate or basic zirconium formate, mixtures 
thereof or mixed salts thereof. 

The m etal compound is most conveniently 
decomposable to the metal oxide by heating, 
usually at a temperature from 200°C to 
1000 C. Carbides of the metals may be formed 
by including carbon or a carbonaceous mater- 
ial in the composition which, on heating for 
example, reacts with the metal compound or 
a reaction product thereof. In an analogous 
fashion, nitrides can be formed by including* 
nitrogen-containing compounds in the com- 
position. Reaction to form carbides or nitrides 
may also be brought about by the action of 
carbon- or rutrogen-containing gases on the 
metal oxide. 

The water-solubility of the organic silicon 
compound is preferably sufficiently high to 
provide a concentration of at least 0.1% by 
weight expressed as SiO z dissolved in the 
liquid composition. The water solubility may 
be increased by the inclusion of a water-mis- 
cible organic solvent, for example an alcohol, 
in the liquid composition. 

The silicon compound is preferably a mrp- 
pound cont aining a siloxane , silanol Qrjtilam^ 
late group, with or without a water-solubilising 
carbon functional group. By water-solubilising 
carbon functional group is meant a group 
which is attached to the compound through 
carbon and which confers water-solubility on 
an otherwise relatively insoluble compound 
Examples of such groups are amine, amide, 
ester, alcohol, ether and carboxyi groups. More 
preferably the silicon compound is selected 
from water-soluble polysfloxane-polyoxyalkyl- 
ene copolymers. Such copolymers may con- 
veniently be divided into those in which 
the polymer blocks have Si-C linkages and 
those in which the polymer blocks Save 
Si-O-C linkages. Si-C linkages are preferred 
as copolymers having such linkages are more 
stable to hydrolysis than those having Si-O-C 
linkages. 

The polysiloxane blocks used in the co- 
polymers preferably contain at least two silox- 
ane groups of the general type 

R„Si0^ b 



groups ~Oo. c Si(R 2 )O 0 i — or chain branching 
groups RSi(O 0 .,) 3 or combinations of such 
groups having the same or different R sub- 
stftuents. It will be understood that the 
O 0 ^ units indicate that the oxygen atom is 
shared with a neighbouring Si atom. The poly- 
siloxane block may be linear, cyclic or cross- 
linked, or it can have combinations of these 
structures. R may be any monovalent hydro- 
carbon radical of which examples include 
alkyl radicals such as methyl, ethyl, propyl, 
butyl, octyl and octadecyl, cycloalkyl radicals 
such as cyclohexyl, aryl radicals such as phenyl 
and tolyl and arylalkyl radicals such as benzyl 
and phenylethyl radicals. Polymethylsiloxane 
blocks are preferred as they can provide co- 
polymers of highest water-solubility. A minor 
proportion of Si-H groups may also be pres- 
ent The polysiloxane block usually has an 
average molecular weight from 220 to 50,000; 
molecular weights of preferred blocks are 
220 to 20000, more preferably 220 to 2000. 

Ifce polyoxyalkylene block used in the Si-C 
linked copolymer may be represented as 

— R 1 -[-[- 0(C m H 2in O) d R«] x 

in which the — R 1 — linking group is attached 
directly to a silicon atom of the polysiloxane 
by one of its valencies, the other valencies 
(x in number) being attached to x number 
of polyoxyalkylene groups of the type 
— OCQaH^OJd R 11 . Typical divalent 
— R 1 — . groups include 1,3 - propylene - 
(CH 2 ) 3 -, 1,11 - undecylene - (CH^u-, 



(CH a ) 



— ""CHg— "CHCHj*— , 
CH, 

— CH2CH2— *CH— , 



iH 4 
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CH, 
CH 3 

Divalent — P. 1 — groups containing C, H and 
O may also be used, for example 100 
— CH2 — CH 2 C(0)— , — (CH 2 ) 3 C(0)_ , 
— (CH 2 ) 3 OCH 2 C(0)— 

— (CH 2 ) 3 0(CH 2 ) 2 C(0)— , 



tl 0CH 2 C(0)-, 



^ ere b fa l > 2 or 3 ' E specialry useful poiy- 
60 siloxane blocks can contain, for example, 
chain terminating groups R 3 SiO 0 . c , main chain 



i(CTI a ) a C{0)- 



105 



Typical divalent — R 1 — groups containing 
C, H, O and N include — (CH 2 ) 3 NHC(0)— , 
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C 2 H 5 



R 



— (CH 2 )sNC(0) (CH 2 ) 3 NC(O)— 

where R=alkyl, cycloalkyl or hydroxyl, 

Trivalent — R 1= groups may be used, in- 
5 eluding 



CH 2 — « 



-(CH 2 )s*^~CH 



\ 



CHa— 

—(CB^ocaJca — CHr- , 

CH~— 

— (GH 2 ) 8 OCH 2 C — C 2 H S 
CHr— 

CH„0C(O>NR . _ ^(O) . 

- (C8,)iCH 

CH,OC(D)HH - ^ \ . tOC(O) . 



10 



are 



useful tetravalent — R'^groups 
CHj= 



— (CH 2 ) aOCHjC^CHj— 

CH2— — 



- (CH,)iOCH a C 



NHC(O) 



CH a 0C(O)NH 



In the oxyalkylene group (CmH^O— ) d R 11 , 
15 "m" is preferably 2, 3 or 4; especially useful 
oxyalkylene groups are oxyethylene, oxy-1,2- 
propylene, oxy-l,3-propylene and oxy-1,4- 
butylene, the oxyethylene especially aiding 
water-solubility. The oxyalkylene groups may 
20 be the same or mixtures of oxyalkylene groups 
may be used. The value of "d" is preferably 
chosen so that the molecular weight of the 
( — CJIzmO)^ — block falls within the range 
120 to 9000. especially within the range 400 
25 to 5000. 

The terminal group; R 11 of the polyoxyalkyl- 
ene chains can be varied widely. Aliphatic and 
aromatic groups free from olefinic unsaturation 
are preferred, for example methyl, ethyl, iso- 



propyl, n-butyl, i-butyl, undecenyl, 2-ethyl- 30 
hexyl, cycloalkyl groups including cydohexyl, 
phenyl, tolyl or naphthyh Other terminal 
groups R X1 which may be used include acetyl, 
propionyl, butyryl, carbonate or substituted 
carbamyl groups such as n-phenyl-car- 35 
bamyl C 6 H,NHC(0) and n-ethyl carmaDVl 
C 2 H,NHC(0). 

For copolymers having an Si-O-C linkage 
between the polymer blocks, R 1 in the poly- 
oxyalkylene block is omitted. The polyoxy- 40 
alkylene groups — 0(C m H 2m O) d R 11 of the 
Si-O-C linked copolymers are as hereinbefore 
described. 

Hie oxyethylene content of the polyoxy- 
alkylene is of importance in controlling the 45 
water-solubility of the copolymer. Preferably 
the average C:0 ratio in the oxyalkylene chain 
Q m H 2 mO) d is below 3:1 to attain sufficient 
water solubility. We find that about 30% 
by weight oxyethylene units together with 50 
oxypropylene units is usually about the lower 
limit of oxyethylene which will impart ade- 
quate water solubility to an oxyethylene/oxy- 
propylene polymer, or a copolymer of mis 
with a siloxane; the C:0 ratio in the oxyalkyl- .55 
ene chain in such cases is about 2.6:1. More 
preferably, therefore, sufficient oxyethylene 
units should be present in the oxyalkylene 
block to provide a C:0 ratio of at most 2.6:1. 
The ratio by weight of siloxane to polyoxy- 60 
alkylene in a methyl siloxane copolymer is 
preferably less than 2.5:1 for adequate water 
solubility. 

Examples of water-soluble Si-C linked co- 
polymers useful for the compositions of the 65 
invention ^are described - in" United Kingdom 



Patent Specifications Nos. 955,916; 1,015,611 
and 1,133,273. Examples of suitable water- 
soluble Si-O-C linked copolymers are described 
in United Kingdom Specification No. 954,041. 

It is also preferred that the silicon com- 
pound be compatible with the other com- 
pounds of the liquid composition, especially in 
not precipitating a gel or a solid therefrom. 
Thus, silicon compounds which are strongly 
alkaline in water solution are less satisfactory 
than those which produce a neutral or acidic 
reaction in water. 

The compositions are preferably used at a 
temperature such that the cloud point of the 
silicon compound is not exceeded in the liquid. 

Other silicon compounds which may be used 
in the compositions include water-soluble al- 
koxy silanes, quartemary and other watex-sol- 
uble nitrogen-containing silanes and siloxanes. 
Alkali metal siliconates are generally suffi- 
ciently water-soluble to be useful, for example 
CH 3 Si(OH)(ONa) 2 or CH 3 Si(OH) 2 (ONa). 
However, such compounds give strongly alka- 
line solutions and are less favoured for reasons 
described hereinafter. 

Since the compositions are usually heated 
in order to form solid products, the silicon 
compound is decomposable to form silica. It is 
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I^^-Ef 6 ?" 1 saicon compound 

should yield the maximum silica on decom- 
position, consistent with its other requirements. 
* S^J^- P Id f ^ vary from 5% 
5 S\ 65 /° by ^P 11 of * e sflic °n compound. 
Folysiloxanes solubilised by amine functional 
groups, for example — (GH 2 )a— NfOL),, 
^/f d ^ «%■ for example 65% to 
75%, by weight of silica. 
10 Additional components such as pigments, 
pollers, colourants, surfactants, viscosity con- 
trol additives or sources of other oxides, may 
be included in the compositions, but since the 
purpose of the additional component is related 
15 generally to uses of the composition, these 
aredescribed in more detail hereinafter. 

The compositions may conveniently be pre- 
pared by dissolving the metal compound, the 
silicon compound and any other soluble com- 
zu g° nents water in any convenient order. 
* or some embodiments it is necessary to pro- 
vide some heat to assist dissolution. The com- 
pounds may be formed from suitable pre- 
• cursors, usually in the presence of the water 
25 solvent For most uses of the compositions 
the concentrations of the major components, 
for example the metal compound, range from 

to 80/ ? by weight of composition. The con- 
centration of dissolved organic silicon com- 

S n?*/*t com P™ti°n « preferably at 
least 0.1% by weight expressed as silicon 
dioxide, 

?c ^ 3S ^P^ 01 * is Prepared at any viscosity 
35 suitable for the use to which the composition 
f put. Viscosities of greater than 0.1 poise, 
for example from 0.1 poise to 5000 poise, 
are_generally-convenient for use-as binders- 
and for the formation of shaped bodies. Vis- 
W cosity control additives, for example water- 
soluble polymers, are useful in producing the 
desired viscosity. 

It is also possible to use a polymeric metal 
compound, for example basic dununhim or 
45 zirconium salts, to increase the viscosity of 
the compositions. - 
Especially in the case of compositions con- 
taining metal compounds which tend to gel in 
alkaline conditions it is preferred to maintain 
50 a neutral or acid reaction in the composition. 
Especially for use of the compositions for 
making fibres as hereinafter described, a 
water-soluble silicon-free organic polymer is 
a much preferred additional component of 
55 the compositions. 

The organic polymer is preferably a non- 
lonic water-soluble organic polymer, a poly- 
hydroxylated organic polymer or a natural 
water-soluble gum. The organic polymer is 
60 preferably thermally stable under the condi- 
tions of fibnsing, for example from ambient 
temperature to within several degrees of the 
boiling point of water. Examples of preferred 
organic polymers include: 
i5 polyvinyl polymers partially hydrolysed poly- 
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vinyl acetate (polyvinyl alcohol), 
Polyacryamide and partially hydrolysed poly- 
acryiamide, * J 

polyacrylic acids, 

polyethylene oxides, 7n 

"Ssfaa for exampie ca *° xy - 

■ dextxans, 
guar gum, 

polyvinyl pyrrolidones, 

polyethylene glycols, en 
alginic acids, 80 
polyisobutylene derivatives, 
polyurethanes, and 

e^^opolymers or mixtures of the foregoing 

^ Polymers are 85 

straight-chain polyhydroxylated organic poly- 
mers, few example polyvinyl alcohol or par- 
tially hydrolysed polyvinyl acetate; or poly- 
ethylene oxide or polyethylene glycol. on 

Conveniently the molecular weight of the 
otganic polymer is in the range 10 s to 10% 
preferably as high a molecular weight as is 
consistent with the ability of the organic poly- 
mer to dissolve in the solvent used in the 95 
process of the invention. For example, it is 
preferred for the polyvinyl alcohol or partially 
hydrdysed polyvinyl acetate to have a medium 
or high molecular weight, the polyethylene 
oxide to have a molecular weight of 10* to 100 
10" and the polymers derived from cellulose 
tolmveamoleailar weight of 10000 to 
"50000. — 



It is preferred that the concentration of 

^ ymer J n ^ a composition used for 105 
forming fibres be from 0.1% to 10% bv 
weighty more preferably from 0.1% to 2% 
by weight 

We prefer that little or no chemical reac- 
tion should occur between the metal compound 110 
and die organic polymer in the fibrising^om- 
position. 

The especial property of the liquid com- 
portions which mates them useful for many 
technical purposes is their ability to be con- 115 
verted by drying to a solid composition in 
which the metal and silicon compounds re- 
mam as an intimate mixture. Many such mix- 
tures are refractory and hard and suitable 
tor many applications especially those requir- 120 
ing a resistance to high temperature. Decom- 
position or reaction of the metal and silicon 
compounds to their oxides is usually preceded 
by at least partial drying of the composition, 
conversion to a solid is conveniently effected 125 
by heating, preferably at 200°C to 1000°C 

Conversion of the liquid composition may 
be advantageously carried out, especially for 
compositions comprising aluminium com- 
pounds, by subjecting the dry or partially 130 
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dry composition to hydrothermal treatment, 
that is, to the simultaneous action of .heat 
and water vapour. Treatment with steam at 
250°C to 5Q0°C is preferred. 
5 9 In embodiments where a solid composition 
is produced from a liquid composition cam- 
prising a metal compound having an acid 
anion, for example aluminium oxychloride, it 
is especially advantageous to subject the solid 

10 to the action of a basic substance, for example 
ammonia or a volatile amine, before, or simul- 
taneously with hydrothermal treatment. 

The solid composition may be further heated 
to change the crystalline form of the oxide 

15 phases present or to sinter the composition, 
preferably at 1000°C to 2000°C. 

A composition according to me invention 
may be used to coat substrates, for example 
glasses, metals, metal oxides or ceramics by 

20 applying it to the substrate and subsequently 
converting it to form an insoluble coating. 
The substrate may take a variey of shapes, 
e.g. fibre, filament, film, granule or powder. 
Any convenient method, e.g. dip-coating, 

25 spraying, roller- or brush-coating, may be 
used to apply the coating to the substrate. The 
coating is dried, at least partly, and preferably 
heated, for example to a temperature from 
200°C to 1000°C to decompose the metal 

30 compound and the silicon compound. 

The compositions may also be used as a 
binder or adhesive for a wide variety of mater- 
ials, especially ceramic or refractory granules 
and fibres. 

35 The compositions according to the inven- 
tion are especially useful for the preparation 
of sha ped bodies , for example_cenospheres. 



films, porous structures and especially fibres, 
by forming the composition into the desired 

40 shape and converting the composition to a 
solid by drying. Shaped bodies of thin section 
are preferred, as the release of volatile mater- 
ials on decomposition or reaction of the com- 
position is thereby facilitated, and is less likely 

45 to lead to cracking failure of the body. 

Any convenient method for forming the 
composition into the desired shape may be 
employed; for cenospheres, spray-drying or 
prilling processes are suitable; for films, extru- 

50 sion or casting techniques are convenient; for 
porous structures, a suitable foaming process 
or honeycomb formation technique may be 
used; for fibres, any convenient method of 
fibrising may be used, for example centrifugal 

55 spinning, drawing, blowing, tack-spinning, ex- 
trusion through a spinneret or suitable com- 
binations^ thereof. A relic process in which the 
composition is used to impregnate an organic 
fibre, may also be used. Fibrising by blowing 

60 is effected as hereinafter described. 

The viscosity of the composition used to 
form fibres is preferably • one suited to the 
fibrising method employed. Conveniently the 
viscosity is in the range 0.1 to 3000 poise, 

65 A preferably 100 to 1000 poise when fibrising is 



effected by extrusion of the composition 
through a spinneret to form a continuous fila- 
ment Fibrising of compositions of low viscos- 
ity, for example 0.1 to 100 poise, is preferably 
carried out by a blowing process as herein- 70 
after described. 

It is preferred to remove solvent from the 
formed body by evaporation, for example by 
heating at a temperature from 30°C to 110°C, 
optionally under reduced pressure. 75 

The shaped body may be further heated to 
a temperature greater than that of a drying 
treatment in order subsequently to complete 
decomposition of the metal or silicon com- 
pound, to change the crystalline form of metal 80 
oxide phases formed or to sinter the body. 
Thus the body may be heated at 1000°C to 
2000°C, preferably at 1000°C to 1500°C, 
usually for a period from one minute to one 
hour. Heating may be carried out in stages, 85 
for example in successive steps of increasing 
temperature. Heating in the presence of air 
or oxygen may be desirable to oxidise any 
organic material present in the body. 

Various additives may be included in the 90 
shaped body, singly or in combination, con- 
veniently by adding them to the composition 
from which the shaped body is formed. Addi- 
tives may also be included on the surface 
of the body by any suitable treatment process. 95 
Examples of additives which may be included 
are; 

(a) alkaline earth compounds, for example 
compounds of magnesium or calcium, decom- 
posable to alkaline earth oxides (when not 100 
already present as a main constituent of the 
composition) ; 



(b) acid oxides, especially B 2 0 s , P a O ff or 
Zr0 2 or compounds which decompose to form 
add oxides; j05 

(c) catalyst materials, for example Pt, Sb, 
Cu, Al, Pd, Ag, Ru, Bi, Zn, Ni, Co, Cr, Ti, 
Fe, V or Mn in elemental form or compound 
form (when not already present as a main 
constituent of the composition); 110 

(d) fluorides, for example HF, NaF or 
CaF 2 ; 

(e) alkali metal compounds, for example 
compounds of lithium, sodium or potassium; 

(f) reinforcing particles or fillers such as 
colloidal silica; 

(g) colouring agents, for example mordant 
dyes or pigments; 

(h) rare earth oxides or yttria or precursors 
thereof (when not already present as a main 120 
constituent of the composition). 

The catalyst material may be present on 
the^ surface of the shaped body or it may 
be included within the body. In some embodi- 
ments, the catalyst material may be partly 125 
within the body and partly on its surface. 
One or more catalyst materials may be pres- 
ent 

When at least part of the catalyst material 
is included in the body, it is convenient to 130 
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disperse or dissolve the catalyst material, or 
a precursor therefor, in the composition from 
which the shaped body is formed. By pre- 
cursor is meant a material which when suit- 
5 ably treated, for example by heating or re- 
duction, will generate a catalyst material, 
directly or indirecdy. Shaped bodies, especially 
fibres comprising a catalyst material may be 
used in a wide variety of catalytic processes 

10 as hereinafter described. 

The preferred shaped body is a fibres con- 
veniently made by fibrising the liquid com- 
position followed by decomposition. Fibrising 
by extrusion through a spinneret is especially 

15 useful in producing continuous fibre. Fibrising 
is most conveniently carried out at the ambient 
temperature, but if desired it may be carried 
out at any other temperature at which die 
fibnsmg composition is stable. For example, 

20 it may be convenient in some embodiments 
to vary the temperature in order to produce 
the viscosity of the composition appropriate 
for fibnsmg. 

oc ^ Fusing by blowing comprises extruding 
25 the fibrising composition through one or more 
apertures into at least one gas stream having 
a high velocity in the direction of travel of 
the extruded composition. The extruded com- 
position is drawn down by the action of the 
30 gas stream on it. The dimensions of the aper- 
ture through which the fibrising composition 
is extruded may vary widely. We prefer to 
use an aperture having at least one dimension; 
larger than 50 microns and smaller than 500 
35 microns. The aperture may have a variety of 
shapes, for examp le we have used circular, 



triangular and star-shaped apertures. It is con- 
venient in some embodiments to extrude the 
fibrising composition through a slit, which 
40 may be substantially straight or curved, for 
example in die case of an annular slit A 
plurality of apertures may be used in one 
extrusion head. The material in which the 
aperture is formed may be chosen from a wide 
45 variety of substances. A metal, for example 
stainless steel or monel, is especially useful. 
Owing to the fact that the fibrising composi- 
tion may be at or near ambient temperature 
during extrusion and that low extrusion pres- 
50 sures are used, it is convenient, especially from 
the point of view of cheapness, to use a plastics 
material in which to form the aperture; suit- 
able plastics materials include polystyrene, 
polypropylene, polyvinyl chloride and poly- 
55 tetrafluoroethylene. 

It is preferred to use two gas streams which 
converge at or near the point where the 
fibnsmg composition is extruded from the 
_ apertuie; preferably the angle between the 
60 converging gas streams is from 30° to 60°. 
In preferred embodiments, gas streams emerge 
from slots on each side of a row of apertures 
or a slit; or a conically-shaped gas stream 
r emer ? es fr° m an annular slot arranged sub- 
65 stantially concentrically around an annular ex- 



trusion slit. The velocity of the gas stream 
may be varied over a wide range; we prefer 
to use velocities in the region of 40 to 1500 
ft per second. Air is the preferred gas, most 
conveniendy air at ambient temperature. 70 

Control of the rate of water removal from 
the extruded composition may be effected by 
die degree of saturation of the gas stream. 
Conveniently the gas may be mixed with 
water vapour in the gas reservoir, but as ex- 75 
pansion of the gas from its reservoir may tend 
to alter the degree of saturation, it is some- 
tunes useful to add water-vapour after expan- 
sion. Air at a relative humidity of greater 
than 80% is especially useful. 80 

The distance separating the point of emer- 
gence of the gas stream from the extrusion 
aperture should be as small as possible; we 
prefer that the distance betwen the closest 
edges of die aperture and the air slot be less 85 
than 0.25 mm. 

The pressure employed to extrude the fibris- 
ing composition will depend on die viscosity 
of the composition, the size and shape of the 
aperture and the desired rate of extrusion. 90 
We find that pressures from 16 to 120 lb 
per square inch absolute are convenient for 
compositions having viscosities up to about 
100 poise. 

Hie fibre may be dried further after atten- 95 
uation in the gas stream if required. The fibre 
may then be subjected to hydrothermal and/or 
ammonia treatment as hereinbefore described, 
if desired. The fibre may also optionally be 
subjected to further processing which may 100 
_be_required,--for_example-it-may--be-heated-—— 



to complete the decomposition of the metal 
compound to the oxide and to decompose 
the organic materials in the fibrising com- 
position, to change the crystalline form of 105 
oxide phases present or to sinter the fibre. 
Typically, the fibre may be heated at a tem- 
perature from 500°C to 1200°C for a period 
of from one minute to one hour, preferably 
500°C to 800° C for one minute to one hour. 1 10 

Various additives as hereinbefore described 
may be included in or on the surface of the 
fibre, singly or in any combination, conven- 
iendy by adding them to the fibrising com- 
position or by including them on the surface 115 
of the fibre by any suitable treatment process. 

Thus the fibres may be coated with a size, 
such as polyvinyl alcohol or stearic acid. They 
may be immersed in a solution of ethyl sili- 
cate, washed and heated to give a fibre con- 120 
taining extra silica. They may also be soaked 
in solutions of metal compounds, for example 
magnesium ethoxide in methanol, and the 
treated fibres heated to give a fibre ranraining 
additional refractory metal oxide. The fibres 125 
may be given a silicone treatment, for example 
by applying a chlorosDane (in vapour or solu- 
tion form) to the fibre surface. 

Especially conveniently a catalyst material 
may be dispersed in the fibrising composition 130 
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by dissolving it^ or its precursor, in the said 
composition. In preferred embodiments of the 
invention water-soluble materials, for example 
salts of catalytic metals, especially metal nit- 
5 rates, are dissolved in the aqueous fibrising 
compositions. 

Dispersion of the catalyst material in the 
fibrising composition may also conveniently be 
carried out by mixing insoluble or partly sol- 

10 uble particulate catalyst material with the 
fibrising compositioa Preferably the mean size 
of particles thus dispersed should be smaller 
than the mean diameter of the fibre produced, 
and more particularly particles should be of 

15 colloidal size. 

Any desired quantity of catalyst material 
may be dispersed in the fibrising composition 
provided that the fibre formed is still suffi- 
ciently strong and coherent for use as a fibrous 

20 catalyst. We find that up to about 10% of a 
catalyst material may be incorporated in the 
fibre without serious deterioration in fibre 
properties* 

It is preferred that the catalyst material 

25 be chemically compatible with the constit- 
uents of the fibrising composition. When the 
fibre is heated as herein described, it is prefer- 
able for the catalyst material to be stable at 
the temperature of heating. In the case of a 

30 catalyst material precursor, it is frequently con- 
venient for the catalyst to be formed from 
the said precursor during heating of the fibre. 

The catalyst material may be incorporated 
into the fibre by soaking the said fibre in a 

35 solution of the catalyst material or a catalyst 
material precursor in a suitable solvent and 
^subsequentiy-n^ovingthesaid-solvent-from 
the fibre. Water is a suitable solvent for 
many catalyst materials or their precurs, for 

40 example metal salts, A fibre may be soaked 
before or after it is heated to form a fibre 
of different composition as herein described. 

The catalyst material may conveniently 
be deposited in a suitable form on at least 

45 part of the fibre surface. For this purpose 
it may, if desired, be bonded to the said 
surface by means of a binding agent, which 
may itself be a catalyst material, for example 
aluminium phosphate. Bonding may also be 

50 effected by means of an application of a 
composition according to the invention to the 
said surface or to the catalyst material or 
both, and removal of the solvent of the said 
composition. 

55 In embodiments in which no binder is used 
to assist adherence of the catalyst material 
to the fibre surface, it is often possible to 
bring about some chemical interaction between 
the catalyst and the fibre to improve bonding. 

60 In most embodiments of the invention, how- 
ever, it is satisfactory merely to deposit the 
catalyst material on the -fibre surface in a 
form sufficiently fine that the normal forces 
of physical attraction take effect Thus it is 

65 convenient to deposit the catalyst material 



from a mist or vapour comprising tile catalyst 
material or its precursor. Most conveniently 
the catalyst material or its precursor is de- 
posited on the fibre surface by treating the 
said surface with a dispersion comprising the 70 
catalyst material or its precursor and a suit- 
able liquid. A solution of the catalyst material 
or its precursor in a volatile solvent is espec- 
ially useful. In cases where die catalyst mater- 
ial is dispersed in a liquid which does not 75 
dissoIve .it, it is preferred that the catalyst 
material be in a finely-divided form, most 
preferably having a mean size less than 0.5 
micron. 

The fibre comprising a catalyst material 80 
may be further treated, for example to bring 
about desired changes in the catalyst material. 
For example, in cases where a catalyst material 
precursor has been incorporated in or on the 
fibre, it will be necessary to generate the 85 
active catalyst material by a suitable process. 
The processes normally used include chem- 
ical reaction to form a different compound, 
reduction and heating. Some of these pro- 
cesses, especially heating, may be combined 90 
with hydrothermal treatment or heating the 
fibre to decompose the metal compound or 
the organic material of the fibrising com- 
position. Treatment of the fibre to achieve 
desirable physical changes in the catalyst 95 
material may also be carried out; for example, 
changes in the surface area or crystal structure 
may be desirable to achieve specific catalytic 
effects. Treatment of the fibre to elimi nate* 
undesirable substances, for example catalyst 100 
poisons, may be useful in some embodiments. 

Thecompositionsofthe-mvention are es- 
pecially useful for the preparation of coatings, 
binders and shaped bodies, especially fibres, 
comprising zirconia or alumina and silica. 105 
Thus compositions comprising an aluminium 
compound decomposable to alumina, especially 
aluminium oxychloride, basic aluminium ace- 
tate or basic aluminium formate, and a water- 
soluble organic silicon compound as herein 110 
described may be decomposed by heating to 
form solid compositions comprising alumina 
and silica in which the alumina is substantially 
in one or more of its transitional phase forms 
at temperatures up to 1400°C. 1X5 

Alumina is transformed from its transitional 
phase forms (eta, gamma, delta and theta) 
to its alpha form on heating at 1200°C for a 
short time ("Alumina as a Ceramic Material" 
Edited by W. H. Gitzen, The American 120 
Ceramic Society, 1970). Alumina is said to 
be in a transitional form when it is in any 
form other than the alpha form. 

While not wishing to be restricted to any 
particular theory, we believe that it is likely 125 
that the addition of silica to the alumina by 
the use of a water-soluble silicon compound 
in the composition of the invention gives a 
homogeneous dispersion of die silica in the 
alumina and thereby produces a very consider- 130 
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aM^ dUCd ° n of ^ rate of transformation 
l^^ ratUre P* 1 *** 10 temperature 
pnases and in particular of transitional alum- 
was to alpha-dumina on heating. Thus shaped 
fooies comprising alumina prepared according 
to^mvenuon will exhibit improved thermal 

The invention thus provides a solid com- 
to 512? f ™I* a ^re, comprising 
10 alumina and silica wherein the ratio by height 
of alumina to silica is from 85:15 to 9*2 
in which the crystalline alumina remains sub- 
stantially entirely in one or more of its tran- 
forms when the composition has 
^^ tM w?^ 12W ° CfOTatle ^onehour, 
and preferably for at least ten hours. In such 
compositions the crystalline dumina is there- 
fore: substantially free from the alpha phase, 
on invention also provides solid composi- 

a°ns comprising alumina and siUca which, 
when heated to 1400°C for up to five minutes 
remap substantially entirely free from alpha- 

SnSte? 1111111116 phase rf dumLo- 

25 The invention further provides solid com- 
positions comprising alumina and silica which, 
when heated to 1300°C for up to two hours; 
remain substantially entirely free from alpha- 

30 Ete 3 phaSC rf aIun ™o- 

The invention further provides solid com- 
positions comprising alumina and silica which, 
when heated to 1200°C for up to one hundred 
nouns, remain substantially entirely free from 

35 alpha-alurmna and the mullite phase of alum- 
inosflicate. 

The mvention -further-provides soKd-com-- 

positions comprising alumina and silica which, 
. when heated to 1100°C for up to one hundred 
w hours, remain substantially entirely free from 
alpha-alumina and the mullite phase of alum- 
mosilicate. 

Solid. compositions comprising alumina and 
suica when heated to the temperatures and 
3 fOT * e V^s described remain substantially 
entirely in one or more of the transitional 
alumina forms. 

Thus solid compositions comprising alumina 
and silica wherein the ratio by weight of 
50 dununa to silica is from 85:15 to 98:2 may 
be obtained in which the crystalline alumina 
remains substantially entirely in the delta or 
theta phase when the composition has been 
heated at 1200°C for at least one hour, and 
55 preferably for ten hours. 

Further, such solid compositions, apart from 
those in which theta is the major phase, 
when heated to the temperatures and for the 
times described, show no X-ray crystallo- 
ou pphic evidence for the existence of crystal- 
line silica or aluminosilicate (mullite). 

The introduction of silica into fibres com- 
prising metal oxides by the processes of the 
invention have the further advantage mat 
the homogeneity of the fibrising composition 
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avoids the problems associated with the use 
of particulate silica, for example as colloidal 
particles. Such problems include (1) the need 
to limit fibre diameter due to interference to 
required flow characteristics for fibrisine bv 70 
the presence of particles; (2) the necessity 
to avoid otherwise desirable polymeric organic 
fibnsnog aids which tend to flocculated; 
and (3) the presence in the finished fibre 
of regions of high silica content which are 75 
liable to crystalline to a silicate phase. 

The invention thus provides a fibre com- 
prising silica and alumina and/or other metal 
oxide, especially zirconia, preferably wherein 
P*??2 b y ^gto °f metal oxide and silica 80 
o« 8 , 5:15 u£ ** :2 > P refeK *ly from 90:10 to 
which may be in continuous or dis- 
continuous lengths, although discontinuous 
tores may have very high ratios of length to 
diameter, for example greater than 5000. 85 
iubres can be made with average diameters 
less than 20 microns, typically from 0.5 to 
5.0 microns. As a result of the avoidance of 
formation of undesirable crystal forms of 
alumina as hereinbefore referred to, alumina 90 
fibres show remarkable resistance to physical 
chan^ at M^ ^p^ture, for example from 
l°°?y to *22? C general, the fibres 
heated at 500°C to 800°C have a very high 
surface area, a BET surface area of more 95 
man 50 m 2 /g being consistently observed, and 
figures of 50 m 2 /g to 200 m 2 /g being the 
usual measured range after hydrothermal treat- 
ment and after one hour of heating at 500° C 
to 800°C The presence of silica introduced 100 
by the processes of the invention increases the 

thermal and-hydrotberm^-s^ 

pect to surface area of an alumina fibre, and 
hence certain catalytic properties. Hie acidity 
of the alumina conferred by the silica content 105 
provides improved ion exchange properties of 
the solid composition. The fibres may be col- 
lected as individual fibres or they may be 
collected in the form of a yarn, mat or felt. 
Mats or felts are conveniendy formed by 110 
collecting ; the i fibres on a moving band, prefer- 
ably a band of foraminous material, for 
example steel mesh. The fibres may be collec- 
ted on a mould to provide a shaped felt If 
desired the fibres may be bonded together, 115 
for example by collecting the fibres before 
they are dry and heating the resultant mat or 
teit Bonding may also be effected by the use 
of a binding agent. The mat or felt may be 
compressed, if desired, for example to increase 120 
its density. The invention is especially useful 
m preparing glassy fibres. Fibres spun into 
yarn may be made up as cloth. 

Fibrous catalysts according to the invention 
comprising the metals copper, ruthenium, 125 
nickel, palladium, platinum or silver, com- 
pounds or combinations thereof, are especially 
useful in processes such as the following: 
dehydration of alcohols, 
methanol synthesis, 
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reduction of nitrobenzene, 
ammonia decomposition, 
steam reforming of naphtha or natural gas, 
hydrogenation of olefins, aromatics, nitrides, 

5 fats and oils, 

sulphur dioxide oxidation, 
hydroalkylation, 
methane amm oxidation, 
ethylene oxide from ethylene, 

10 formaldehyde from methanol. 

Semiconductor oxides are useful catalyst 
materials. For example, Cr 2 0 8 /* c eta" alumina 
may be used for paraffin dehydrogenation or 
naphtha reforming. 

15 Metallic halides, for example CuQa, SbCl a , 
AlCla or CrCls, provide fibrous catalysts which 
are useful for a variety of chlorination and 
oxychlorination reactions or isomerisation of 
paraffins, olefins and aromatics. 

20 Organo-metaliic catalysts may be best em- 
ployed in the invention by soaking or coating 
of die preformed fibre. The fibrous catalysts 
are useful in producing ethylene oligomers, 
polyethylenes and polyesters. Metal carbonyls, 

25 for example HCo(CO) 4 , provide fibrous cat- 
alysts suitable for carrying out OXO processes. 

The fibrous catalysts, especially those con- 
taining platinum, palladium, molybdenum, 
Cos0 4 , V 2 0 f , Cr 2 O a , Mn0 2 , Fe 2 O s or NiO, 

30 or combinations thereof, may be used in a 
car exhaust treatment device, for example to 
. catalyse the oxidation of car exhaust gases, 
for example in an afterburner. 
Other catalytic materials found useful in- 

35 elude: 

cobalt molybdate, 

nickel molybdate, 

bismuth molybdate, 
copper molybdate, 

40 zinc chromite, 

cobalt oxide, C0aO 4 . 



Fibrous catalysts according to the invention 
are advantageous owing to their high external 
surface areas; they are heat-resistant and 
mechanically strong. 45 

The invention is thus useful in producing 
shaped bodies comprising metal oxides, es- 
pecially fibres and more especially alumina 
fibres which may be of very small diameter, 
dense, white, strong and of high modulus 50 
for example 20 x 10 8 to 35 x 10* pounds per 
square inch Young's modulus in die case of 
alumina fibres. The bodies, especially the 
fibres, may conveniently be used, for example 
as high temperature insulating materials, fill- 55 
ers, as reinforcement for resins, metals and 
ceramic materials, inert filters, catalysts or 
catalyst supports. 

The invention is illustrated, but not limited, 
by the following Examples. All X-ray diffrac- 60 
ion results quoted in die Examples were ob- 
tained using a Philips diff Tactometer, incident 
Copper radiation and a graphite monochrom- 
ator in the diffracted beam to select the 
K alpha wavelength. Apparent crystallite sizes 65 
of eta alumina were derived from the measured 
full width at half weight of the diffraction 
maxima at 67° 2 0 after instrumental broaden- 
ing had been removed by fourier deconvolu- 
tion, (an apparent crystallite size of 60 A is 70 
derived from a peak at 67° 2 # having a de- 
convoluted full width at half height of 1.75° 
2 0). Phase identification is based on the 
results of J. W. Newsome, H. W. Heiser, 
A. S. Russell, H. C Stumf, Technical Paper 75 
No. 10, second revision, Alumina Properties, 
Aluminium Company of America, Pittsburg, 
Pennsylvania ^ I960. 

In the following Examples reference is made 
to various silicon compounds. Details of these 80 
are shown in the following tables, with the 
corresponding reference used in the Examples. 
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TABLE 2. 



Reference 


Cnurce 


A Efw x 

1V1 YY 


Silicone to 
Polyether 

rutin 


DC192 


Dow-Corning Corporation 


25,000 


1:2.6 


DC193 


Dow-Corning Corporation 


2,100 


1:1.7 


L546 


Union Carbide Corporation 


15,000 


1:2.6 


L5340 


Union Carbide Corporation 


14,000 


1:1.5 



Example 1. 
Fibres were prepared from a solution of the 
following composition. 
5 200g Aluminium chlorohydrate. 

(A1:Q ratio 2:1 23.8% w/w Al 2 O a ) 
94.4g Polyvinyl pyrolidone solution 

(3% w/w of k-90 grade to give 6% 
w/w A1 2 0 3 ) 

10 9.3g Polysiloxane copolymer A (Table I). 
The solution was evaporated under partial 
vacuum at 35— 40°C until the viscosity at 
ambient temperature was 15 poise. The solu- 
tion was extruded through small holes 240 

15 microns diameter) and attenuated with au- 
to give dry unfired fibres with a mean diameter 
of 4 microns. 

The fibres were further dried at 100°C, 
heated in steam at 350°C for 15 minutes and 

20 fired at 900°C for 15 minutes to give a strong 
white flexible product 



Chemical analysis showed that the fibre 
contained 5% Si0 2 (w/w A1 2 0 3 ). Electron 
microscope examination showed no evidence 
25 of oxide phases other than the transition alum- 
ina phases. 

Samples of fibres were heated to the tem- 
perature given below. Surface area measure- 
ment by the nitrogen BET method gave the 
30 following results: 

Temp. °C Time (hr) SA m 8 /g 
1100 1 61 

1200 i 40 

X-ray phase analysis showed that fibres 
35 heated for 65 hours at 1200°C were in the 
gamma and delta alumina phases, with only 
a trace of the alpha phase detected. Fibres 
heated for 1 hour at 1350°C were in a mix- 
ture of the gamma, delta and theta phases, 
40 with no trace of alpha alumina. 

Example 2. 
Fibres were prepared as in Example 1, but 
with only 4.6g of the polysiloxane copolymer 
A to give 2% Si0 2 w/w A1 2 0 5 . Fibres fired 
45 as described in Example 1 up to 900°C and 
then fired for 1 hour at 1200° C maintained 
flexibility and strength. X-ray analysis showed 
only the gamma and delta phases. 



Example 3. 

Fibres prepared as in Example 1, but con- 50 
taining 5% Si0 2 w/w Al 2 O s from the poly- 
siloxane copolymer B instead of A were fired 
as in Example 1 to 900°C. Nitrogen absorp- 
tion measurements gave a surface area of 
74 m 2 /g and a pore volume of 0.083 cm 3 /g. 55 
The only phase present on heating to 1000°C 
for 2 hours was eta alumina. After heating to 
1100°C for 16 hours the major phase present 
was gamma alumina with a trace of delta 
alumina. go 

No evidence was obtained for an alumino- 
silicate or silica phase. 

Example 4. 
Solutions were prepared as in Example 1 
using the commercially available water-soluble 65 
polysiloxane copolymers DC 192, DC 193, 
JL 546 and L 5340 listed in Table II. Appro- 
priate quantities were added~to~giv^2%~" 

silica in the final alumina fibres which were 
spun and heat-treated as in Example 1 up 70 
to 900°C After calcination at 900°C the 
fibres were strong and flexible, with no evi- 
dence of a mullite or alpha alumina phase by 
X-ray investigation. X-ray analysis on fibres 
heated to 1050°C for 1 hour gave only tran- 75 
sition alumina phases. 

Example 5. 
Fibres were prepared as in Example 1 using 
the polysiloxane copolymer C to give the 
following combinations of compositions, — all 80 
percentage weights expressed on the A1 2 0 8 
content of the fibres or solutions: 

5.1 5% Si6 2 

6% Polyvinyl pyrrolidone 

52 5%Si0 2 85 
6% Polyvinyl alcohol — high mole- 
cular weight water-soluble grade 

5.3 1% Si0 2 

6% Polyvinyl pyrrolidone (PVP) 

5.4 7.5% SiO, qn 
6% PVP W 

After heat treatment as in Example 1 
to 900°C all fibres were strong and flexible. 
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Example 6. 
A sample of the fibres prepared in Example 
3 and heated to 900°C were sandwiched be- 
tween 'Incolo/ alloy DS metal gauzes and 
5 tested for 50 hours in a car exhaust stream 
^r^^P 11 * test bed at temperatures up to 
-t£« end of to ^ me total time 
at 750 C was 20 hours, with the majority 
<n 2l the ^^der at 500°C Inspection of the 
10 fibrous pad after this treatment showed that 
the fibre had not suffered significant damag e 
or weight loss. X-ray analysis after treatment 
showed the only phase present was eta alumina 
with a crystallite size less than 80 A. The 
15 surface area after treatment had increased to 
110 mVg. 

Example 7, 
Fibres were prepared as in Example 1 but 
with a 5% nickel content^ added to the solu- 
20 tion as NiQ 2 . 6H 2 0. On firing as in Example 
1 to 900°C strong fibres were produced 

Example 8. 

co, w/ erc prepared as in Example 1 with 
_ 5 A MgO content, added as MgQ 2 . 6H 2 0 to 
25 me spinning solution. On firing to 900°C as 
in Example 1 strong white fibres were pro- 
duced. When heated in a hot-stage X-ray 
apparatus, the fibres showed the presence of 
alpha alumina at 1140°C. 

30 Example 9. 

Fibres were prepared to give a 1:1 w/w 
ratio of Zr0 2 :Al 2 0 3 with 7% w/w based on 
Zl °2 of rare earth oxides (60% yttria grade) 
^/-zuconia-phase stabiliser -aiid-containing- 
35 5 /o w/w of silica. The spinning solution was 
prepared from the following components: 
Aluminium oxychloride solution 

(23.5% Al 2 O a w/w, Al:d, 2:1) 
Zirconyl acetate solution 
40 (Commercial 22% w/w ZrO £ grade) 
Rare earth chlorides solution 

(60% yttria grade) 
Polyethylene oxide 
(3000,000 MW) 
45 Polysiloxane copolymer B 

_ The solution was evaporated, spun into 
fibres and fired as in Example 1. After 1 
hour at 1200°C the fibres were strong and 
flexible. In comparison fibres prepared from 
50 a similar solution without siloxane additive 
were weak and friable when fired to 1200°C 

Example 10. 
Fibres were prepared as in Example 1 but 
ttsjng the siloxane copolymer D to give 5% 
55 Si0 2 . The solution prior to spinning was 
cloudy and the unfired fibres produced by 
extrusion followed by attenuation with an 
air stream were of variable geometric quality. 
e fibrcs werc k^ted in steam at 350°C 
60 for 15 minutes, followed by calcination at 
1200°C for 1 hour to give white flexible 



fibres. X-ray analysis showed the fibres con- 
tained eta, gamma and delta alumina with 
a minor amount of alpha alumina. The pres- 
ence of alpha dumina is thought to be due 65 
to phase separation (cloudiness) resulting in 
a lower effective SiO £ content in some parts 
of the fired fibre. 

Example 11. 
A spinning solution was prepared from the 70 
following components: 
200g Aluminium chlorohydrate 

(23.8% Al 2 O s by weight Al:OL 2:1) 
2.85g Polyvinyl alcohol 
(high molecular weight water-soluble 75 
grade) 
140g Water 

9.4g Polysiloxane copolymer C 
The solution was evaporated to a viscosity 
of 15 poise measured at ambient temperature 80 
and spun into fibres with a mean diameter of 
four microns. The fibres were dried at 100°C, 
heated in steam at 350°C for 15 minutes and 
calcined at 900°C for 15 minutes. A sample 
of these fibres was heated to 1200°C on a hot- 85 ' 
stage X-ray diffractometer at a rate of 30°C/ 
hour. Phases present at 800°C were chi and 
eta dumina; the gamma phase appeared at 
1020°C and reached a maximum at 1110° C; 
the delta phase appeared at 1060°C and 90 
reached a maximum at 1140°C, while the eta 
phase had faded by 1150°G There was no 
evidence for mullite or alpha alumina at 
1200°C, or on re-cooling to room temperature. 

Example 12. 95 

-A-solution suitable-for-use-as-a-binder or 



coating material was prepared by co-dissolving 
the following components: 

4O0g Aluminium c hlorohyd rate solution 
(2:1" AliO ratio, 23.5% w/w Ai 2 6 3 ) 100 

lg Glacial acetic add 

lOg Polyvinyl pyrrolidone (K 60 grade) 

24g Siloxane copolymer A 
(23.5% w/w Si0 2 ) 

200g of a graded tabular alumina grog 105 
were well-mixed with 20g of the above solu- 
tion and pressed into a glass dish. The con- 
tents of the dish were subjected to ultrasonic 
vibration for 30 minutes, and allowed to set 
for 20 hours in a drying oven at 80°C. The 110 
tablet so formed was removed from the dish 
and heated to 400°C over a 2 hour period, 
and subsequently to 900° C over a further 
2 hours. The tablet was then transferred dir- 
ectly into a furnace at 1400°C and heated 115 
at that temperature for 1 hour. After the tablet 
was removed from the furnace and allowed 
to cool to room temperature, it was examined 
and found to be tough and free from surface 
cracks. 120 

Example 13. 
A 1-inch cube of ceramic honeycomb, suit- 
able for use as a car-exhaust ceramic matrix 
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component, was coated with high-surface area 
alumina using the solution prepared as . des- 
cribed in Example 12. The untreated cube 
had a specific BET surface area of 0.4 m7g, 
5 an estimated flat geometric area of 200 cm 2 , 
and a weight of 13g. This cube was soaked in 
the solution described above while suspended 
on a fine wire, and then slowly withdrawn 
from the solution over a period of 5 minutes. 

10 The cube was placed on a filter paper pad 
to allow residual solution to drain off, and 
was dried at 80°C for 10 minutes. The cube 
was subsequently heated in air at 350°C for 
10 minutes and fired at 900° C for 15 minutes. 

15 On cooling the weight increase was found to 
be 0.6g and the BET surface of the cube 
was 4.8 m*/g. 

Example 14. 
To 80g of the solution prepared as described 

20 in Example 12 was added lg of chloroplatinic 
salt (0.4g Pt). A ceramic honeycomb cube 
as used in Example 13 was coated in this 
solution, drained, dried and fired to 900°C 
as described in Example 13. The increase 

25 in weight of the cube was found to be 0.8g, 
and the BET surface of the cube was now 
found to be 4.3 m 2 /g. 
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Example 15. 
The sHicone-polyoxyethylene compound E 
having a calculated silica equivalent of 46.5% 
was found to give a cloudy mixture when 
added to an aluminium oxychloride solution at 
a viscosity of 10 poise, which setded out 
. to give two distinc t layers of solution. Accord- 
ingly compound E was mixed at a 50:50 
volumeratio with industrial methylated spirits, 
and this solution was carefully mixed with 
a 20 poise solution containing 1% w/w poly- 
ethylene oxide (molecular weight 300,000) 
and 28% w/w A3 2 0 3 as basic aluminium coy- 
chloride, to give a clear bubble-free mixture. 
This mixture was extruded through small holes 
into co-current streams of high-velocity 
humidified convergent air jets and collected on 
a wire gauze as fibre having a mean diameter 
of 6 microns. 



Example 16. 
An amine-f unctional polysiloxane copolymer 
F contained a 'silica equivalent* of 66.3%. 

50 1.79g of this compound were mixed with 
an equal volume of industrial methylated 
spirits and then titrated with N/10 hydro- 
chloric acid to give a pH reading of 4.0. 
This solution was then mixed with 36.7g 

55 polyethylene oxide solution (2% w/w of mole- 
cular weight 300,000) and lOOg of 23.8% 
w/w AI 2 O s equivalent aluminium oxychloride 
solution. The final mixture was evaporated 
down to a viscosity of 20 poise in a vacuum 

60 rotary evaporator and blow-spun into fibres 
having diameters in the range 2—3 microns. 



Example 17. 
4.7g of t-butoxy silatrane were dissolved 
in water and filtered to remove a trace of 
insoluble material. The pH of the solution 65 
was adjusted to 4.0 with dilute hydrochloric 
acid and the solution was mixed with lOOg 
of 5/6 basic aluminium oxychloride solution 
(23.5g Al 2 O a ) and 36.7g of a 2% aqueous 
solution of 300,000 molecular weight poly- 70 
ethylene oxide. The mixture was evaporated 
to a viscosity of 30 poise on a vacuum rotary 
evaporator to give a clear yellowish solution. 
A sample was allowed to thicken by evapora- 
tion in a glass dish and fibres were pulled 75 
from the sample at the end of a spatula. On 
standing for 20 hours a sample was found 
to have set to a gelatinous material. The 
fibres obtained were treated with ammonia, 
heated in steam at 350°C and fired at 900°C 80 
for 15 minutes followed by 1200°C for 1 
hour. 

Example 18. 
Alumina fibres containing silica and boric 
acid were prepared from the following com- 85 
position: 

200g Aluminium chlorohydrate 

(Albright & Wilson, 23.5% Al*O a , 2:1 
Al:Ct ratio) 

2g Boric acid 90 

5.6g Polysiloxane copolymer A 

143g Polyethylene oxide 
(1% w/w 300,000 molecular weight) 

The solution was evaporated to a viscosity 
of 20 poise and blow-spun into fibres having 95 

_ a_mean_diameter_ of _.4_microns._The_fibire 

were treated with 0.2% v/v ammonia in air 
at ambient temperature, heated in steam at 
350°C for i hour and fired at 900°C for i 
hour, and finally at 1300° C for 1 hour. Phase 100 
analysis by X-ray diffraction showed that 
the major phase was delta alumina with a 
minor theta alumina phase and a smaller 
amount of an unidentified phase. No trace of 
alpha alumina or mullite was detected. A fur- 105 
ther sample of the fibre fired to 900°C was 
reheated at 1400°C for 1 hour and found 
to contain a major theta aluminium phase and 
a minor alpha alumina phase: again mullite 
was not detected. u no 

Example 19. 
Fibres were prepared from the following 
formulations: 
200g aluminium oxychloride 

(23.5% w/w A1 2 0 3 . Albright and Wil- 115 
son) 

13 8g Polyvinyl alcohol solution, 2% w/w 
'Elvanor 50-42 (Trade Mark) in water 

9.2g Polysiloxane copolymer A 

The solution was evaporated to a viscosity 120 
of 100 poise and allowed to stand for 20 
hours. ITie solution was then extruded from 
a bomb through a microfilter and out of a 
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100 micron spinerette hole. Fibres were drawn 
down and wound up on a rotating drum cov- 
ered in polythene film. The fibres were re- 
moved from the drum, dried at 100°C, heated 
5 in steam containing 5% v/v ammonia at 
350°C for I hour and fired at 1000°C for £ 
hour. Samples of this fibre were fired at 1200, 
1300 and 1400°C for f-hour periods. Selected 
fibres, with diameters approximately 10 mic- 

10 rons were mounted on the head of a radio 
loud speaker using sealing wax. The modulus 
of the fibres was measured using the vibrating 
reed technique for lengths in the range 0.2 
to 0.4 cm. The loud speaker was fed from 

15 a decade oscillator and die resonant frequency 



of the fibres was measured by observing the 
vibration at resonance frequency using a travel- 
ling microscope. A graph was plotted for 
each fibre of the fundamental resonance fre- 
quency fr against D/l 2 , where D= diameter 20 
and ^length are found to be a straight line 
passing through the origin within expected 
error. The specific modulus of the fibre (B/p) 
was then calculated from the slope M using 
the formula E/p= 0.074 M 2 psi, where f>= 25 
fibre density. 

The results for the relative specific modulus 
are given below, compared with that of E- 
glass fibre (E//^=l) 



Firing Temperature (± hr) °C 


1000 


1200 


1300 


1400 


Relative Specific' Modulus (E/p) 


1 


1.3 


1.5 


2.3 



For comparison, similar fibres made 
from a formulation not containing the 
copolymer and fired at 900°C gave an 
B/p value of 1.5, but on firing at 1000°C 
35 this dropped to 1 and at high temperatures 
the fibres were too brittle for measurements 
to be obtained. 

Example 20. 
Fibres were prepared from the following 
40 components: 

200g Aluminium chlorohydrate 

(23.8% w/w A1 2 0 3 , 2:1 A1:C1 ratio) 

— 142.8g-Polyethylene-OYide . soltitinn 

(1% w/w 300,000 MW) 
45 18.8g Polysiloxane copolymer A 

The solution was evaporated to a viscosity 
of 15 poise and blow-spun into fibres having 
a mean diameter of 3 microns. The fibres 
were collected and treated with 0.2% v/v 
50 ammonia gas in air, heated in steam at 350°C 
for i hour and fired at 900°C for £ hour. 
Chemical analysis indicated that the fibres 
contained a ratio of Si0 2 :Al 2 0 3 of 9:100. 
A sample of fibre was heated for 1 hour 
55 at 1200°C. X-ray analysis indicated that the 
fibres contained a major delta alumina phase 
and a minor gamma phase. No alpha alumina 
or mullite was detected. 
A further sample was fired at 1300°C for 
60 1 hour. This sample gave major phases of 
mullite and theta alumina. On firing a further 
sample to 140Q°C for 1 hour major phases 
of mullite and theta alumina were present, 
with a trace of alpha alumina detected. 

6 5 # Example 21. 

Fibres were prepared as in Example 20, 
but with only 4.7g of the copolymer A. These 
fibres on heating for 1 hour at 120O°C gave 
major gamma and delta phases with eta alum- 

70 ina also present. On firing for 1 hour at 



1300°C major alpha and theta phases of 
alumina were observed. After 1 hour at 1400°C 
a major alpha alumina phase and the mullite 
phase of altimino silicate was observed. 

In comparison, a similar fibre of eta alum- 75 
ina containing no silica gave a major alpha 
alumina phase after 1 hour at 1200°C. How- 
ever a major delta phase could be obtained 
by heating the pure alumina are when in 
its eta phase in an atmosphere tree from chlor- 80 
ide for 2 hours at 1050 b C. Heating the pure 
alumina fibre at 1200°C for a further i hour 
gave alpha alumina. 



Example 22. 
Fibres were produced as in Example 20, 85 
but with the requisite amount of copolymer 
A to give 5% silica w/w total oxides in the 
final fired fibre. The fibre was fired for periods 
of 1—20 hours at 1000°G Phase analysis 
showed that after 20 hours the phase was eta 90 
alumina with an apparent crystallite size of 
60 A. A sample of fibre was set in epoxy 
resin and ion-beam thinned with argon ions 
to give a specimen suitable for transmission 
election microscope (TEM) studies. Examina- 95 
rion of the rnicrostructure by TEM with modi- 
fications of up to 200,000 showed an even 
granular structure. No evidence was obtained 
for the presence of more than one crystalline 
phase, nor was there any evidence for a non- 100 
homogeneous dispersion of silica or silicate 
particles. 

A simple of fibres fired for 20 hours at 
1200 C gave a major delta alumina phase by 
X-ray analysis. An ion-beam thinned sample 105 
showed a granular rnicrostructure similar in 
form to that previously described, although 
dark-field images showed larger crystalline 
regions of the order of 500 A in size. 

Further X-ray studies on the samples indi- 110 
cated the degree of crystallinity of the delta 
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alumina was greater than 25% by weight, and 
the intensity of background scattering was 
consistent with an amorphous component in 
the order of 25% by weight 

5 Example 23. 

Fibres were produced as in Example 20, 
but with sufficient silica content from the 
copolymer A to give 7% by weight of 
Si0 2 :Al 2 0 3 . After the 900°C firing stage, 
10 these fibres were retired for 3 minutes at 
1500°C in a tube furnace. Transmission electra 
microscopy on an ion beam thinned sample 
at a magnification of x 100,000 single crystal 
platelets apparently set in a glassy matrix. 
15 Examination of a sample of this fibre by 
X-ray analysis showed that the fibre contained 
a major theta alumina phase and a minor 
mullite phase. Stereoscan micrographs (Cam- 
bridge Stereoscan S2A) of these fibres at a 
20 magnification of 10,000 showed an appar- 
ently smooth fibre surface. 

A further sample of these fibres heated to 
1600° C for 5 minutes had converted to a 
major alpha alumina phase with a minor 
25 mullite phase. Transmission election micro- 
scopy showed anisometric single crystals of 
alpha alumina with one dimension of 
2000 A and a second dimension of up 
to 2 microns. 
30 A further sample in the form of a fibre 
blanket was heated at 1400°C for 20 hours. 
These fibres had developed a surface rough- 
ness when observed with the Stereoscan at 
a magnification of 5,000. Fibres of pure alum- 
35 ina from a similar formulation but without 
the~siHca^when~heated~in~an~identical-man==- 
ner gave blankets of lower resilience, and on 
Stereoscan examination showed surface fea- 
tures corresponding to the formation of large 
40 alpha alumina crystals which in many places 
crossed the visible surface. 



Example 24. 
Fibres produced as in Example 23 were 
heated in air for 1 hour at 1200°C and 
45 shown to contain a major delta phase of 
alumina with no trace of mullite or silica 
phases. 

In. comparison, a sample of commercial 
alumina/silica catalyst was analysed and found 

50 to have a similar composition (3.8% Si, 
42.2% Al). Harshaw alumina AL — 1605P — • 
L2621 — 35 — 31 was found to give a small 
amount of cristobalite and a trace of mullite 
when fired for 1 hour at 1200°C. Further- 

55 more, after 5 minutes at 1400°C the sample 
contained a major alpha alumina phase, to- 
gether with theta alumina and mullite. 

Example 25. 
(Comparative Example) 
60 Fibres were prepared from the following 
components: 



200g Basic aluminium oxychloride solution 
(AkCi ratio 1.7:1, 23% A1 2 0 3 ) 

8.8g Silica sol ('Ludox' AM) 

(28.5% SiO z ) (Trade Mark) 65 

The solution was evaporated down to a 
viscosity of 80 poise on a rotary vacuum 
evaporator, and spun on a centrifugal spinner 
at 2500 rpm through small peripheral holes 
to give fibres with a mean diameter of 10 70 
microns. The fibres were dried at 80°C for 
6 hours, heated in steam for 8 hours at 350°C 
and fired to 1000°C for i hour. X-ray analy- 
sis showed that these fibres contained the 
eta and chi phases of alumina, but on heating 75 
in a hot-stage X-ray diff radiometer up to 
1200°C, in addition to transition alumina 
phases, mullite was observed from 1160°C 
Fibres heated to 1200°C were weak in com- 
parison to those produced as in Example 22 80 
and heated in a similar manner. 

WHAT WE CLAIM IS:— 

1. A liquid composition comprising an 
aqueous solution of a water-soluble metal com- 
pound other than an alkali metal compound 85 
and of a water-soluble organic silicon com- 
pound which is hydrolyticaliy stable in the 
liquid composition wherein the concentration 

of the metal compound expressed as corres- 
ponding metal oxide exceeds the concentration 90 
of the silicon compound expressed as silicon 
dioxide, on a weight basis. 

2. A liquid composition as claimed in 
claim 1 wherein the weight ratio of metal com- 
pound expressed as corresponding metal oxide 95 
to silicon compound expressed as silicon di- 

-oxide-is-at-least-85 : 15; 

3. A liquid composition as claimed in 
claim 1 or 2 wherein the metal of the metal 
compound is selected from aluminium, iron, 100 
zirconium, titanium, beryllium, chromium, 
magnesium, thorium, uranium, yttrium, nickel, 
vanadium, magnesium, molybdenum, tungsten 

and cobalt 

4. A liquid composition as claimed in any 105 
one of the claims 1 to 3 wherein the metal 
compound is a metal hydroxide, halide, oxy- 
halide, carbonate, nitrate, phosphate or sul- 
phate. 

5. A liquid composition as claimed in any 110 
one of claims 1 to 3 wherein the metal com- 
pound is a salt of an organic acid. 

6. A liquid composition as claimed in claim 
5 wherein the salt of an organic acid is a t 
neutral or basic formate, acetate, oxalate or' 115 
propionate. 

7. A liquid composition as claimed in any 
one of the claims 1 to 3 wherein the metal 
compound is aluminium oxychloride, basic 
aluminium acetate, basic aluminium formate, 120 
zirconium oxychloride, basic zirconium ace- 
tate, basic zirconium nitrate or basic zirconium 
formate. 

8. A liquid composition as claimed in any 

one of the preceding claims wherein the silicon 1 25 
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compound contains a sOanoI or sflanolate group 
and/or a water-solubilising carbon functional 
group as herein defined. 

9. A liquid composition as claimed in any 
5 one of the preceding claims wherein the silicon 
compound contains a siloxane group and a 
water-solubilising carbon functional group as 
herein defined. 

10 - A liquid composition as claimed in claim 
10 8 or 9 wherein the carbon functional group is 
amine. 

11, A liquid composition as daimed in any 
one of the preceding claims wherein the silicon 
compound is selected from water-soluble poly- 

15 sfloxane-polyoxyalkylene copolymers. 

12. A liquid composition as claimed in 
claim 11 wherein the polysiloxane and poly- 
oxyalkylene blocks are linked by Si-C link- 
ages. 

20 13. A liquid composition as claimed in 
claim 11 or 12 wherein the polysiloxane block 
is substantially a polymethylsiloxane block. 

14. A liquid composition as claimed in any 
one of the claims 11 to 13 wherein the mole- 

25 cuter weight of the polysiloxane block is from 
220 to 20000. 

15. A liquid composition as daimed in 
daira 14 wherein the molecular weight of the 
polysiloxane block is from 220 to 2000. 

30 16. A liquid composition as daimed in any 
one of claims 11 to 15 wherein the poly- 
oxyalkylene block comprises oxyethylene 
groups. 

17. A liquid composition as claimed in 
35 claim 16 wherein the ratio of carbon atoms 

to oxygen atoms in the ox yalk ylene chain is 
below 3:1. 

18. A liquid composition as daimed in 
Jn cfc™ 16 or 17 wherein the polyoxyalkylene 
40 block comprises additionally oxypropylene 

groups and the oxyethylene groups comprise 

block!* b7 Weight °* me t^yosya&ylene 

Ac } 9 * A liquid composition as daimed in 
45 damns 13 and any one of daims 14 to 18 inas- 
much as they depend upon daim 13 wherein 
me ratio by weight of polysiloxane to poly- 
oxyalkylene is less than 2.5:1. 
2°' -A liquid composition as daimed in any 
50 one of the preceding claims wherein the silicon 
compound yields 5 to 65% by weight of 
silica on decomposition. 

21. A liquid composition as daimed in 
claim 10 wherein the silicon compound yields 

55 65 to 75% by weight of silica on decomposi- 
tion. 

22. A liquid composition as daimed in any 
one of the preceding daims having a viscosity 
greater than 0.1 poise. 

60 23. A liquid composition as daimed in any 
one of the preceding claims which additionally 
comprises a water-soluble silicon-free organic 
polymer. * 

2 \ A I}*"* composition as daimed in daim 
to wherein the organic polymer is a straight- 
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chain polyhydroxylated polymer, a polyvinyl 
polymer or a polyethylene oxide, 

25. A liquid composition as daimed in 
claim 24 wherein the polymer is polyvinyl 
alcohol or polyvinyl pyirolidone, " 70 

26. A Hquid composition as daimed in 
any one of the preceding daims which addi- 
tionally comprises a water-misdble organic 
solvent, 

27. A liquid composition as daimed in 75 
claim 26 wherein the organic solvent is an 
alcohol. 

28. A liquid composition as daimed in any 
one of the preceding daims wherein the con- 
centration of dissolved organic silicon com- 80 
pound is at least 0.1% by weight expressed 

as silicon dioxide. 

29. A process for the preparation of a solid 
composition which comprises converting a 
hquid composition daimed in any one of 85 
claims 1 to 28 to a solid composition by dry- 
ing wherein the metal and silicon compounds 
remain as an intimate mixture. 

30. A process as daimed in daim 29 for 

the preparation of a solid composition as a 90 
coating on a substrate comprising applying 
a layer of a liquid composition daimed in any 
one of daims 1 to 28 to the substrate and 
convertmg the composition thereon to a solid 
°y drying. 95 

31. A process as daimed in claim 29 for the 
preparation of a solid composition in the 
form of a shaped body comprising forming 
a liquid composition daimed in any one of 
claims 1 to 28 into a desired shape and con- 100 

~vertmg_the-composition-to a-soM-by-drying. — 

32. A process as daimed in any one of the 
daims 29 to 31 wherein the metal and silicon 
compounds are subsequently decomposed to 
their oxides. JQ5 

33. A process as claimed in any one of the 
daims 29 to 32 wherein drying and/or de- 
composition is effected by heating. 

34. A process as claimed in daim 33 

iJ^^J^Z is at a temperature of 200° C 110 
to 1OO0 C 

35. A process as claimed in any one of 
claims 29 to 34 wherein the solid composition 
is subjected to the action of steam at 250°C 

to 500°C 115 

36. A process as daimed in daim 35 
wherein the solid composition is subjected 
to the action of ammonia or a volatile amine 
before, or simultaneously with, the action of 
steam. 

37. A process as daimed in any one of 
claims 29 to 36 wherein the solid composition 
is heated at a temperature of 1000°C to 
2000°C to change the crystalline form of 

the oxide phases present or to sinter the 125 
composition. 

38. A process as claimed in any one of 
claims 31 and 32 to 37 inasmuch as they 
depend on claim 31 wherein a fibre comprising 

a metal oxide and silica is formed by fibris- 130 
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ing the liquid composition and decomposing 
the composition. 

39. A process as claimed in claim 38 
wherein fibrising is effected by extrusion of 

5 the liquid composition at a viscosity of 100 
to 1000 poise through a spinneret to form 
a continuous filament. 

40. A process as claimed in claim 38 
wherein fibrising is effected by blowing. 

10 41. A process as claimed in claim 40 
wherein the liquid composition has a viscosity 
of 0.1 to 100 poise. 

42. A process as claimed in claim 40 or 
41 wherein blowing comprises extruding the 

15 liquid composition through one or more aper- 
tures into at least one gas stream having a 
high velocity in the direction of travel of the 
extruded composition whereby the extruded 
composition is drawn down. 

20 43. A process as claimed in claim 42 
wherein the liquid composition is extruded 
into two gas streams which converge at or 
near the point when the composition is ex- 
truded from the aperture. 

25 44. A process as claimed in claim 42 or 
43 wherein the gas is air. 

45. A process as claimed in claim 44 wherein 
the air is at a relative humidity of greater 
than 80%. 

30 46. A process as claimed in any one of 
claims 40 to 45 wherein the fibres are heated 
at a temperature of 500°C to 1200 Q C for 
one minute to one hour to effect decomposition 
of the composition. 

35 47. A process as claimed in any one of the 
claims 38 to 46 wher ein the liquid compo sition 
comprises additionally a catalyst materiainbr - 
a precursor thereof. 

48. A process as claimed in any one of 
40 the claims 3 8 to 47 wherein a catalyst material 

or a precursor thereof is deposited on at least 
part of the fibre surface. 

49. A solid composition comprising a metal 
oxide and silica in the form of a coating 

45 or a shaped body whenever prepared by a 
process according to any one of the claims 
32 to 48. 

50. A fibre comprising a metal oxide and 
silica whenever prepared by a process accord- 

50 ing to any one of claims 32 to 48, 

51. A fibre as claimed in .claim 50 com- 
prising alumina and silica or zirconia and 



52. A fibre as claimed in claim 50 or 51 
55 wherein the ratio by weight of metal oxide 

to silica is at least 85:15. 

53. A solid composition whenever prepared 
by a process according to any one of claims 
32 to 48 comprising alumina and silica wherein 

60 the ratio by weight of alumina to silica is from 
85:15 to 98:2 in which the crystalline alum- 
ina remains substantially entirely in one or 
more of its transitional forms when the com- 
position has been heated at 1200° C for at 

65 least one hour. 



54. A solid composition as claimed in claim 
53 in which the crystalline alumina remains 
substantially entirely in one or more of its 
transitional forms when the composition has 
teen heated at 1200°C for at least ten hours. 70 

55. A solid composition as claimed in claim 
53 or 54 in which the crystaUine alumina 
remains substantially entirely in the delta 
phase. 

56. A solid composition as claimed in claim 75 
53 or 54 in which the crystalline alumina 
remains substantially entirely in the theta 



57. A solid composition as claimed in any 

one of the claims 53 to 56 in which the 80 
crystalline alumina remains substantially en- 
tirely free from the alpha phase. 

58. A solid composition as claimed in any 
one of daims 53 to 55 which remains substan- 
tially entirely free from mullite and crystalline 85 
silica phases. 

59. A fibre comprising a solid composition 
as claimed in any one of the claims 53 to 
58. 

60. A fibre as claimed in claim 59 wherein 90 
the ratio of alumina to silica is from 90:10 

to 98:2. 

61. A fibre as claimed in any one of 
claims 50 to 52, 59 or 60 having an average 
diameter of less than 20 microns. 95 

62. A fibre as claimed in claim 61 having 
an average d i a me ter of 0.5 to 5.0 microns. 

63. A fibre as claimed in any one of 
claims 50 to 52 or 59 to 61 which comprises 

or supports a catalyst material. 100 

64. A fibre as daim ed in claim 63 wh erein 

the catalyst material is one or more of^the ~ 

metals copper, ruthenium, nickel, palladium, 
platinum or silver in elemental or compound 
form. 105 

65. A fibre as daimed in claim 63 or 64 
in the form of a car exhaust treatment device. 

66. A fibre as daimed in claim 61 or 62 
inasmuch as they depend upon daims 59 and 

60 having a Young's Modulus of 20 x 10* to 110 
35 x 10* pounds per square inch. 

67. A liquid composition substantially as 
described with reference to Examples 1 to 11. 

68. A liquid composition substantially as 
described with reference to Examples 12 to 115 
23. 

69. A process substantially as described with 
reference to Examples 1 to 11. 

70. A process substantially as described 
with reference to Examples 12 to 23. 120 

71. A solid composition substantially as des- 
cribed with reference to Examples 1 to 11. 

72. A solid composition substantially as 
described with reference to Examples 12 to 

23, 125 

73. A fibre substantially as described with 
reference to Examples 1 to 11. 

74. A fibre substantially as described with 
reference to Examples 15 to 23. 



E. G. COOKE, 
Agent for the Applicants. 



which copies may be obtained. ra> WC2A txom 



4 



